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Introduction
Keropok lekor is a popular and highly relished 
fish product in Malaysia.  It is widely sold in the local 
market and usually produced on a daily basis to fulfil 
the market demand, especially for school canteens, 
night markets and hawker stalls.  At present, most of 
keropok lekor manufacturers carry out the processing 
manually, following established procedures with 
little mechanization.
Keropok lekor is known to have a short shelf life 
of only one day at the room temperature (Embong et 
al., 1990).  Che Rohani and Mat Arup (1992) showed 
that the total viable count of bacteria in keropok 
lekor increased from less than 1 x 102 cfu/g to 1.5 
x 108 cfu/g after 2 days at the room temperature. 
Signs of spoilage for this product include sliminess 
and formation of spots on the surface, which are 
resulted from the bacterial growth.  Thus, a good 
understanding of the microbial profile of keropok 
lekor is vital.  Microorganisms gain access into 
processed meat, from a variety of modes including 
ingredients, environment, equipment and handlers, 
during processing.  This will definitely affect the 
microbiological status of the product.  Processing 
conditions such as boiling of product can reduce 
microbial levels, although recontamination takes 
place during post-processing and handling of food 
(Sachindra et al., 2005).
Pseudomonas, Flavobacterium, Corynebacterium, 
Lactobacillus, Bacillus and Micrococcus are the major 
spoilage microorganisms in fish products such as fish 
sausages (Sasayama, 1973).  Both psychrotrophic 
and mesophilic bacteria have been isolated during 
the processing of fish products.  The presence of 
Staphylococcus aureus in food usually indicates 
cross contamination and mishandling of the fish 
products (Ingham, 1991), while total coliform counts 
are normally used in food processing as indicators of 
hygienic (Jay, 2000).
 To the present, information on microbiological 
quality of keropok lekor is still very limited.  Therefore, 
the objectives of this study were to determine the 
microbiological profile of keropok lekor at different 
stages of processing (mincing, mixing, kneading, 
boiling and cooling).
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Abstract: Keropok lekor is an important fish product in Malaysia.  The customer demands for keropok lekor 
have been increasing.  This study was conducted to analyze the microbiological quality of keropok lekor in 
every stage of its processing, namely mincing, mixing, kneading, boiling and cooling.  When processing 
keropok lekor, the boiling of keropok lekor at 100°C for 10 min reduced the Total Plate Counts (4.38±0.47 
log10 cfu/g), psychrotrophic counts (2.00 ± 0.00 log10 cfu/g), mesophilic sporeformer counts (1.26 ± 0.34 log10 
cfu/g) and total coliform counts (1.71±0.51 log Most Probable Number/g) significantly (p>0.05).  However, 
the microbial counts were found to increase significantly (p<0.05) after the cooling process, except for the 
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Materials and methods
Samples
Five replicates of 500 g samples were collected 
immediately after each processing stage, namely after 
mincing of fish meat, after mixing of all ingredients, 
after kneading the dough, after boiling and after 
cooling at ambient temperature.  These samples were 
obtained using sterile utensils and placed in sterile 
plastic bags which were properly labelled and dated. 
The samples were then brought to the laboratory in a 
pre-chilled container with crushed ice (4±1°C) and 
analysed within 24 hour.
Microbiological analysis
These samples were analysed using the standard 
procedures (APHA, 2001).  A 25 g of keropok lekor 
was aseptically transferred to a sterile stomacher bag 
and pummelled for 1 min in a stomacher (Seaward 
Stomacher 400, BA-7021), with 225 ml of sterile 
0.1% peptone water.  Appropriate decimal dilutions 
of the samples were prepared using the same diluents 
and plated in duplicates on different growth media.
Total plate counts (TPC) and Psychrotrophic 
counts were determined using the Plate Count Agar 
(PCA)(OXOID), incubated at 37°C for 48 hours 
and 7°C for 10 days, respectively.  Yeast and mold 
counts were determined using the Potato Dextrose 
Agar (PDA) (OXOID) which was incubated at 
32°C for 7 days.  Mesophilic sporeformer counts 
were determined using the Dextrose Tryptone Agar 
(OXOID) which was incubated at 37°C for 48 hours, 
after heating the inoculated agar at 80°C for 10 min 
to destroy vegetative cells.
Staphylococcus aureus was enumerated using 
the Baird-Parker Agar (BPA)(OXOID) which 
was incubated at 37°C for 48 hours; while total 
coliform and fecal coliform by MPN method using 
the Brilliant Green Bile Broth (OXOID) which was 
incubated at 37°C for 48 hours and at 44°C for 48 
hours, respectively (ICMSF, 1978).  
In this study, all the results were expressed as log10 
number of colony forming unit/ gram (log10 cfu/g), 
except for the total coliform and fecal coliform which 
were reported as log10 number of most probable 
number/ gram (log10 MPN/g).
Presumptive genus identification of bacteria isolated 
at different stages of keropok lekor processing.
A total of 230 isolates, from the PCA plate, were 
randomly picked at the different stages of keropok 
lekor processing.  These isolates were identified up 
to the genus level according to Bergey’s Manual of 
Determinative Bacteriology (Holt et al., 1993).  All 
the isolates were purified by streaking them on the 
Nutrient Agar (OXOID) and maintained on the Nutrient 
Agar slants (OXOID).  The following biochemical 
tests (Appendix B and B1) were conducted: Gram 
reaction according to the Hucker’s method; the cell 
morphology by phase-contrast microscopy (Gerhardt 





 solution directly onto each colony; cytochrome 
oxidase by Kovacs reagent (ICMSF, 1983; Mossel 
and Moreno Garcia, 1985); glucose metabolism 
according to Hugh and Leifson’s method (Harrigan, 
1998), arginine dihydrolase by Thornley-medium 
(Thornley, 1960) and motility by motility test medium 
(ICMSF, 1983).
Physicochemical analysis
Internal temperature was determined with portable 
thermometer (Maxthermo) at the geometric center 
of each sample.   Methods used for determination 
of pH and water activity (a
w
) were adopted from 
Microbiological Laboratory Guidebook of USDA/
FSIS (Dey and Lattuada, 1998).  For determination of 
pH, 10 g of keropok lekor were blended with 10 ml of 
distilled water.  pH of the homogenized sample was 
measured with a pH-meter (Mettler Toledo).  Water 
activity was measured with AquaLab water activity 
meter (Decagon Pullman, WA).  Samples were cut to 
tiny discs in order to fill the surface of the cups, and 
the water activity was measured at 24°C.  Reading 
for internal temperature, pH and water activity was 
taken as duplicates for each sampling.
Statistical analysis
All the data collected were analysed using the 
SAS 9.1 statistical package (SAS Institute, Inc. 2002-
2003), using one-way analysis of variance (ANOVA). 
The Duncan’s multiple range was used to determine 
significant differences among means.   Thus, all the 
data reported were the means of five replicates.
Results 
The total plate, psychrotrophic, yeasts and molds 
and mesophilic spore counts of raw minced fish were 
6.95 ± 0.45; 4.72 ± 0.22; 2.67 ± 0.40; 1.97 ± 0.54 log10 
cfu/g, (Figure 1), respectively.  The S. aureus counts 
were 4.54 ± 0.46 log10 cfu/g, whereas, coliforms and 
faecal coliform counts were 4.04 and 3.83 log MPN/g 
(Figure 2), respectively.
The microbial profile of the samples, taken after 
mixing and kneading, did not show any significant 
difference (p<0.05) as compared to the minced fish. 
Total plate, psychrotrophic, yeast and mold, and 
mesophilic spore counts after mixing and kneading 
were 6.46 and 6.47; 4.50 and 4.41; 2.48 and 2.31; 
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Microbial profile Log reduction value
Total plate count 2.09 log
Psychrophilic count 2.41 log
Yeasts and molds count 0.27 log
Mesophilic sporeformer count 0.78 log
S. aureus 1.05 log
Total coliform 2.19 log
Fecal coliform 1.38 log
Table 1.  Log reduction value of microbial counts after the boiling stage
Figure 1. Total plate, psychrotrophic, yeasts and molds and mesophilic spore counts (log10 
cfu/g) of keropok lekor during mincing, mixing, kneading, boiling and cooling stage a
a Means (SD from five determinations)
Figure 2. S. aureus counts (log10 cfu/g), coliforms and fecal coliform counts (log MPN/g) 
of keropok lekor during mincing, mixing, kneading, boiling and cooling stagea
a Means (SD from five determinations)
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Table 3.  Presumptive of bacterial genus isolated at different stages of keropok lekor processing
Total number of isolates 230 from PCA
n; pooled number of isolates from five sampling
Processing stage
Microbial profile Kneading Boiling Cooling
Total plate count 6.47 ± 0.45a 4.38 ± 0.47b 6.44 ± 0.41a
Psychrophilic count 4.41 ± 0.34a 2.00 ± 0.00c 3.10 ± 0.44b
Yeasts and molds count 2.31 ± 0.45a 2.04 ± 0.28a 2.30 ± 0.26a
Mesophilic sporeformer count 2.04 ± 0.36a 1.26 ± 0.34b 1.97 ± 0.28a
S. aureus 3.97 ± 0.74ab 2.92 ± 0.87b 3.90 ± 0.45ab
Total coliform 3.90 ± 0.32a 1.71 ± 0.51b 3.84 ± 0.45a
Fecal coliform 2.93 ± 0.17a 1.55 ± 0.17b 3.56 ± 0.68a
Table 2.  Microbial counts during kneading, boiling and cooling stage
a-d Means with different lowercase superscripts are significantly different (p<0.05) against row
2.07 and 2.04 log10 cfu/g, respectively.  The counts 
for S. aureus after mixing and kneading were 3.94 
and 3.97 log10 cfu/g, respectively, whereas coliform 
and fecal coliform counts were 3.53 and 3.90; 3.07 
and 2.93 (log MPN/g), respectively.
The results indicated that the microbial counts 
had decreased significantly (p<0.05) after boiling 
as compared to after mincing, mixing and kneading 
stages (Table 1).  Keropok lekor boiled at 100°C for 
10 min reduced the TPC (4.38±0.47 log10 cfu/g), 
psychrotrophic counts (2.00 ± 0.00), mesophilic 
sporeformer counts (1.26 ± 0.34) and total coliform 
counts (1.71±0.51 log MPN/g) significantly (p>0.05). 
S. aureus (2.92±0.87 log10 cfu/g) and yeast and 
mold counts (2.04±0.28 log10 cfu/g) did not change 
significantly (p<0.05).  After the cooling stage, the 
microbial counts for TPC, psychrotrophic, mesophilic 
sporeformer, total coliform and fecal coliform were 
found to increase significantly (p<0.05), except for 
the yeast and mold counts and S. aureus count (Table 
2).  
A total of 230 isolates from Plate Count Agar 
(PCA) plates were randomly selected and taken to 
represent the five different stages of keropok lekor 
processing (Table 3).  42.5, 22.5 and 11.7% of the 
isolates, belonging to the genus Pseudomonas spp., 
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were isolated after the mincing, mixing and kneading 
stages, respectively.  37.5, 47.5 and 28.3% of the 
isolates, which were isolated after the mincing, 
mixing and kneading stages, belonged to the genus 
Micrococcus, respectively.  After the boiling stage, 
it was found that Micrococcus spp. was not present. 
However, 23.3% of the isolates were indicated to 
belong to the genus Micrococcus after the cooling 
stage.  12.5 and 5% of the isolates, which were 
separated or isolated after the mincing and kneading 
stages, belonged to the genus Vibrio.  30, 43.3 and 
20% of the isolates which were isolated after the 
mixing, boiling and cooling stages, belonged to 
genus Bacillus.  Nevertheless, Bacillus spp. was not 
isolated during the kneading stage.
In this study, Staphylococcus spp. was 
predominant after the kneading (31.7%), boiling 
(56.7%) and cooling (28.3%) stages.  In addition, 
Enterobacteriaceae spp. (23.3%) was isolated after the 
kneading stage, but not after the boiling.  Meanwhile, 
13.3% of the isolates isolated after the cooling stage 
were members of the Enterobacteriaceae family. 
Nonetheless, Aerococcus spp. (15%) was only found 
to be present during the cooling stage.     
The internal temperature of keropok lekor during 
processing is shown in Figure 3.  After mincing, 
mixing and kneading stages, the internal temperature 
was found to increase from 10.47 to 20.88°C.  The 
internal temperature of the keropok lekor samples 
after the boiling stage was 86.27°C.  After the cooling 
stage, the internal temperature of keropok lekor was 
indicated to decrease to 27.07°C.
The pH of the keropok lekor samples is presented 
in Figure 4  In this study, the pH of the keropok lekor 
samples did not change significantly (p<0.05) at the 
different stages of keropok lekor processing.  The 
water activity (a
w
) of keropok lekor during processing 
is presented in Figure 5.  The water activity of keropok 
lekor did not change significantly (p<0.05) during 
the different stages of processing.  This was found to 
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Figure 4. pH of keropok lekor during mincing, mixing, kneading, boiling and cooling stage a


























Figure 3. Internal temperature of keropok lekor during mincing, mixing, kneading, boiling and cooling stage a
a Means (SD from five determinations)
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Discussion
The growth conditions for microorganisms are 
due to specific intrinsic and extrinsic factors such as 
temperature, water activity, pH, oxidation-reduction 
potential (Eh), microbial interactions, nutrient 
content, etc. (Gram and Huss, 1996).  Keropok lekor 
may provide an ideal condition for the microbial 
growth, with a suitable pH (pH 6 – 7) and water 
activity (aw 0.96 – 0.99).  The microbial counts for 
the TPC in raw minced fish were high.  This reflected 
the quality of the raw material which was used in the 
manufacturing.  The initial quality of the raw materials 
is an important factor which influences the quality of 
the end product (Fuselli et al., 1994).  The microbial 
counts for the TPC of minced fish used for keropok 
lekor making in the present study, were higher than 
the counts recorded in a study on the minced meats 
prepared for sausages (Sachindra et al., 2005) and 
exceeded the microbiological standards of fresh meat 
(ICMSF, 1980).  
The dough of keropok lekor (after mixing) did 
not show any significant change in terms of microbial 
counts, but the counts of S.aureus, coliform and fecal 
coliform were found to decrease significantly from 
that of the minced fish.  In contrast, Sachindra et al. 
(2005) observed no change of S.aureus and increase 
of coliform.  Moreover, the microbial counts after 
kneading did not show any significant increase.
The internal temperatures measured in the samples 
were found suitable for an active growth of most of 
the microorganisms (Jay, 2000).  Microorganisms 
require water and suitable pH medium for their 
growth; hence, limiting the amount of water 
content and altering the pH will affect the microbial 
multiplication in food (Forsythe and Hayes, 1998). 
The values of pH and water activity in the samples 
observed showed that ingredients used, such as salt 
and MSG and heat treatment applied, did not affect 
or impart significant changes in the pH and water 
activity.  However, the range of pH and water activity 
in keropok lekor observed was indicated to be a 
supportive parameter of the high microbial counts 
in the samples of keropok lekor, as the ranges were 
found to favour the growth of most microorganisms 
in general (Jay, 2000). 
Although microbial counts were high in the 
initial stages of processing, these increased counts 
did not have much relevance from the point of 
microbial safety, since the cooking process followed 
after that.  The cooking process, by boiling at 100°C 
for 10 minutes in keropok lekor processing, was 
effective in reducing the microbiological counts. 
This was also observed by Borch et al. (1988) who 
found that the mesophilic counts were reduced in the 
product immediately after the heat processing.  The 
microbial counts recorded in boiled keropok lekor, in 
the present study, are in agreement with the findings 
reported by Sachindra et al. (2005), and within the 
suggested microbiological standards for fish and fish 
products (ICMSF 1986).  Thus, the results indicated 
that the heat treatment employed for the processing 
of keropok lekor was adequate from the aspects of 
microbiological quality and safety.  Moreover, Borch 
et al. (1988) also observed that an effective heat 
processing was essential during the cooking in order 
to eliminate heat tolerance bacteria, so as to enhance 
the shelf life of product.
The application of heat to an internal temperature 
of 63ºC for 15 seconds for seafood during cooking, 
as recommended by FDA’s 1997 Food Code, was 
reported as safe for consumption (Kurtzweil, 1999). 
However, this temperature is only sufficient for the 
























Figure 5. Water activity (a
w
) of keropok lekor during mincing, mixing, kneading, boiling and cooling stage a
a Means (SD from five determinations)
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is therefore not the sole safety factor for the whole 
production process (Huss, 1997).  Consequently, 
keropok lekor manufactured from the processing 
plant in this study could be referred to as a sort of 
semi-preserved food since the heat processing is not 
enough to kill all the microorganisms contained in the 
product. In other words, the product is pasteurized and 
not sterilized.  Hence, the results of the current study 
corroborate the earlier study by Yokoseki (1957) who 
reported that fish sausage was not sterile and could 
contain up to 103 bacteria/g of sausage meat after the 
heat processing at 85 to 90ºC for approximately 1 
hour. 
The present study observed that the microbial 
count was increased significantly after the cooling 
process, i.e. up to 106 log10 cfu/g.  This count is slightly 
higher than the finding of Tokur et al. (2006) and 
Al-Bulushi et al. (2005) who indicated that the total 
plate count in fish finger and fish burger was 105.  The 
cooling process which was carried out at the room 
temperature had reduced the internal temperature of 
keropok lekor from 86.27 to 27.07°C.  The reduction 
of the internal temperature made keropok lekor to 
be exposed to the danger zone, within 4 to 60°C. 
In other words, the condition of keropok lekor after 
cooling favours the growth of most microorganisms 
(Jay, 2000).  According to Sachindra et al. (2005), 
the processing conditions such as the heat treatment 
might reduce microbial levels, but recontamination 
could take place during the post-processing handling 
or storage practice.  The presence of high S. aureus 
and total coliform counts after the cooling stage 
might also be attributed to the recontamination when 
handling the boiled keropok lekor.  As reported by 
Yokoseki (1957), even though fish sausage was 
heated, the product could not be considered as 
sterile.  Besides, the microbial growth after the heat 
treatment is also influenced by the pH and a
w 
(Jay, 
2000). The pH of keropok lekor was within pH 6 to 7 
and a
w
 was within 0.97 to 0.99.Thus, these range of 
pH and a
w
 is suitable and can enhance the growth of 
microorganisms.
Bacterial species, which belong to 5 genera namely 
Staphylococcus spp., Micrococcus spp., Bacillus 
spp., Aerococcus spp. and Enterobacteriaceae, 
were isolated at the different stages of keropok lekor 
processing.  These organisms have been associated 
with food handlers, equipment and raw materials 
(Ingham, 1991).  Sanitary condition of workers 
and equipment has a very important influence on 
the microbiological quality of fish products.  It is 
imperative that equipment was cleaned and sanitized 
often and that workers practice good hygiene.  Only 
Gram positive bacteria were isolated after the boiling 
process; these were Staphylococcus spp. and Bacillus 
spp.  This finding is in line with Raju et al. (2003) and 
Gram and Hush (1996) who reported that processed 
sausages provided an ideal medium for the growth 
of Gram positive bacteria.  Another researcher 
(Amano, 1965) also reported that this maybe due 
to the raw fish used in the processing that might 
have been contaminated by the heat resistant Gram 
positive bacteria during landing and transportation. 
Furthermore, the ability to survive heat treatment can 
be attributed to carbohydrates and protein contents 
as well as the pH of keropok lekor.  The presence of 
carbohydrates and protein has a protective effect on 
microorganisms and consequently increases the heat 
resistance of microorganisms (Jay, 2000).  Moreover, 
microorganisms are most resistant to heat at their 
optimum pH of growth, which is generally about pH 
7 (Jay, 2000).  
The presence of Staphylococcus aureus indicates 
cross contamination or mishandling during processing 
(Ingham, 1991).  This organism grows well in protein-
rich foods and it is tolerant of high levels of salt.  S. 
aureus is naturally present in the nose, throat, skin and 
hair (feathers) of healthy humans, animals and birds. 
This organism has also been indicated as present in 
wounds, boils and cuts in skin.  S. aureus can also be 
isolated from feces and from a wide range of other 
environmental sites such as soil, marine and fresh 
water, plant surfaces, dust and air (Adam and Moss, 
2000).  The processing of keropok lekor involves 
lot of manual handling and this might be one of the 
sources of Staphylococcus spp. contamination.   
In this study, the Bacillus species were also 
isolated after the boiling stage.  The water activity, 
pH and temperature may play an important role in 
spore germination and growth of vegetative cells of 
Bacillus spp. (Condon et al., 1996; Quintavalla and 
Parolari, 1993).  These aerobic, rod-shaped, spore-
forming bacteria may probably be incorporated 
into the dough by flour contaminated with bacterial 
spores (Pattison et al., 2003).  Spores which are 
not killed during boiling in a boiler subsequently 
germinate and grow.  Furthermore, bacteria which 
survive the processing of food depend on pH, a
w
 and 
other micro-environmental factors (Condon et al., 
1989).  In addition, Micrococcus spp., Aerococcus 
spp. and Enterobacteriaceae were also present after 
the cooling stage, beside Staphylococcus spp. and 
Bacillus spp.  Ingham (1991) stated that the extended 
periods, in which products were held at the microbial 
growth temperatures, must be avoided.  This cooling 
process was done at the room temperature and held 
for a quite long duration that might enhance the 
growth of microorganisms.  
The result of this study revealed variations in 
the distribution of the different microbial counts and 
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presence of different types of microorganisms at 
different stages of keropok lekor processing.  Thus, 
reflect the level of contamination of the product at the 
different stages of processing, the raw material used 
and the improper handling of the product during and 
after the processing.  
Conclusion
The work described in this paper reports the 
presence of different types of microorganism at the 
various stages of keropok lekor processing.  Lower 
initial microbial levels of raw materials, effective 
heat treatment during boiling and proper cooling 
procedure of keropok lekor would improve the 
microbiological quality.  
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